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Abstract

Banana and pineapple fruit crops are widely cultivated in tropical areas where high amounts of fertilizers are
applied, principally nitrogen. Over 200 kg N:hayr—1 is often applied to these crops. Nevertheless, developing
countries face the problem of high costs of chemical fertilizers. As already demonstrated for other tropical crops,
like sugar cane, the utilization of nitrogen-fixing bacteria may support the growth of these fruit plants. In this
work, we demonstrate the association of nitrogen-fixing bacteria with banana and pineapple. Samples from roots,
stems, leaves and fruits of different genotypes showed the occurrence of diazotrophic bacteria, when evaluated
in semi-specific semi-solid media. These isolates could be separated into seven different groups according to
their morphological and physiological characteristics. Additional, phylogenetic assignments were performed with
group- and species-specific oligonucleotide probes. Bacteria related to the gropssefrilum amazonense,
Azospirillum lipoferum, Burkholderigp. and a group similar to the genderbaspirillumcould be detected in
samples of both crops. Howevéyzospirillum brasilensand another two groups éferbaspirillumlike bacteria

were detected only in banana plants. Two isolates of the latter group were identifledoaspirillum seropedicae
whereas the other isolates may represent alderbaspirillumspecies.

Introduction served in banana cultivated areas (Risede and Muntcel,
1997).
Fruit crops including banana and pineapple are cultiv- ~ An alternative to the use of nitrogen fertilizer could
ated in large areas of tropical countries. Considering be the exploitation of the biological nitrogen fixa-
the overall production of banana (54 million tons) and tion potential in agricultural systems. Benefits from
pineapple (11 million tons) in 1995, Brazil was re- dinitrogen fixation were already demonstrated in sugar
sponsible for the second and third highest production, cane (Urquiaga et al., 1992), rice (App et al., 1984)
respectively, for these crops (FAO, 1996). and gramineous forage plants (Boddey and Victoria,
Fruit crops have been frequently cultivated in soil 1986). In addition, various genera of diazotrophic bac-
of low fertility and to obtain high yields, fertilizer ~ teria, such aseijerinckia, Azotobacteand Derxia
amounts, mainly nitrogen, are applied at levels over Spp. have been isolated from the rhizosphere of several
200 kg.hal.year?! (Quaggio and Raij, 1996). How-  gramineous plants (Débereiner and Ruschel, 1958;
ever, high doses of these fertilizers, as well as pesti- Dobereiner, 1966; Dobereiner and Campelo, 1971).

cides, adversely affect the environment as has been ob-BesidesAzospirillum spp. (Débereiner, 1977, Pat-
riquin and Dobereiner, 1978) amterbaspirillumspp.
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(Baldani et al., 1986; Gillis et al., 1991; Pimentel et adjusted to 7.0 (Débereiner et al., 1995). Aliquots of
al., 1991; Baldani et al., 1992; Baldani et al., 1996), 0.1 ml were inoculated into vials containing 5 ml of
more recently other bacterial genera have been isol- semi-specific semi-solid, N-free medium, according
ated from internal tissues of roots and shoots of many to Ddbereiner et al. (1995). Five days after incuba-
gramineous plants. These inclu@rkholderia sp. tion at approximately 30C, those vials showing a
(Hartmann et al., 1995) anilcetobacter diazotrophi-  veil-like pellicle near the surface of the media were
cus(Cavalcante and Dobereiner, 1988; Ddbereiner et considered positive and used to estimate the amount
al. 1993). The poor survival in soil and the ability to of diazotrophs present in the sample by the MPN
colonize internal tissues of plants have suggested thatcount technique. The cultures from the positive vials
these bacteria could belong to a new class of endo- were subjected to further purification steps by streak-
phytic diazotrophic bacteria as revised by Baldani et ing them onto specific agar plate containing 20 to
al. (1997). 30 mg.I'! of yeast extract. Distinct colonies grown
Not much attention has been given to the occur- on these media were randomly picked up and trans-
rence of nitrogen fixing bacteria in fruit crops. Only ferred to a fresh semi-solid N-free medium for final
two reports show the presence of diazotrophs such aspurification.
Azospirillumspp. in the rhizosphere of various fruit
crops, including banana (Subba Rao, 1983) and pine-
apple plants (Ghai and Thomas, 1989). In this paper Physiological characteristics of diazotrophic
we demonstrate the occurrence and colonization of bacterial isolates
different parts of banana and pineapple plants grown
in Brazil by different nitrogen-fixing bacteria. The nitrogen fixation ability of the isolates was
tested according to D6bereiner (1989). First, the isol-
) ates were inoculated in liquid malate NFb medium
Materials and methods (Débereiner et al., 1995) containing 0.1% of am-
monium chloride and incubated with agitation at 120
rpm for 2 days at 30°C. Once growth was ob-
served, a new aliquot was transferred to a fresh NFB
liquid medium and grown at the same time and con-
mosus(L.) Merril) cultivars ‘Alenquer’, ‘Pérola’ and ditions abovg. This procedure was repeated 10 times.
‘Perolera’ were harvested from the ‘Germplasm Col- After that_, .allquots. of ,10/“ were trapsferred to vi-
lection of Tropical Fruit Crop’ at EMBRAPA — Na- als coqtalnlng seml-sollq N—freg n_1ed|a tq evaluate the
tional Center for Cassava and Fruit Crop Research, formation of a chara_\cter_|st|c veil-like p_elhcle near _the
in Cruz das Almas, Bahia (Brazil). Multiple duplic- surface of the semi-solid N-free media. In addition,

ate samples of roots, stems and leaves of these crop<ellS from these cultures were examined under the
were collected in June 1994 and January 1995. Ba- Ight microscope (408) to evaluate their shape and

nana samples were also collected from the cultivars Movement. , ,

‘Prata’, ‘D’Agua’, ‘Maca’ and ‘Marmelo’ at the Por- The ability of a representative number of isolates
angaba farm in ltaguai, Rio de Janeiro State (Brazil), © use different organic sijbstrates was determined
while banana cultivars ‘Prata An&’, ‘Prata Manteiga’ N Semi-solid (W'ﬂl‘ 1.7 gi1* agar) and liquid me-
and ‘D'Agua’ and pineapple cultivars ‘Pérola’ and dium (with 0.1 g.t+ of ammonium chloride). Carbon

‘Smooth Cayenne’ were collected at the PESAGRO sources (5.911) were dissolveq in phosphate buffer
farm in the Macaé region, Rio de Janeiro (Brazil), in (3 MM) adjusted to pH 5.8, filtered through a 0.2
February 1996. um pore sized sterile filter (Millipore) and added to

the media. Aliquots of 1%l inoculate from cultured
Enumeration and isolation of diazotrophic bacteria  iSolates and reference strains were grown overnight in
from plant material liquid DYGS-medium described by Rodrigues Neto et

al. (1986) and modified by the addition of 1 gtlof
Samples of roots, stems, leaves and fruits were washedmalate and adjustment of pH to 6.5. Before the inocu-
in sterilized water and 1g of fresh material was macer- lation, the cell suspension of all isolates was adjusted
ated and diluted up to 1@ in test tubes containing 9  with sterilized water to an optical density (600 nm)
ml of 1/4 salt solution of malate NFb medium with pH around 0.75-0.02.

Plant genotypes and tissue sampling

Plants of bananaMusa spp.) cultivars ‘Butuhan’,
‘Prata An&’, ‘Yangambi’ and pineappléfanas co-



Table 1. Phylogenetic oligonucleotide probes used
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THyb

Name/target Sequence Specificity °)'ﬁ Reference
AA 23S rRNA 5-ACACCTCCATGGCACAC-3 Azospirillum amazonense 50 Kirchhof and Hartmann, 1992
AB 23S rRNA 5-GGGTCCCCAGCCGGGC!3 Azospirillum brasilense 55 Kirchhof and Hartmann, 1992
AL 23S rRNA 5-TATAAGGCGGGGCTA-3 Azospirillum lipoferum 40 Kirchhof and Hartmann, 1992
AZO 23S rRNA 3-GGGGCT(A/G)TTTCC(C/T)GG-3  genusAzospirillum 48 Kirchhof and Hartmann, 1992
BC16 16S rRNA 5CCTCTGTTCCGACCA-3 Burkholderia cepacia and 43 Leff et al., 1995

other closely related taxons
HR 23S rRNA 3-ATGCAAAAACCGACTA-3’ Herbaspirillum 40 Baldani et al., 1996

rubrisubalbicans
HS 23S rRNA 5 ATGCAAAAACCGGGAC-3 Herbaspirillum seropedicae 43 Baldani et al., 1996
M130 23S rRNA 5 GCATTTCACGCCGGT-3 Burkholderia sp., isolates 43 Kirchhof, unpublished

from Oryza sativa
PPe8 23S rRNA '5CCTCGCACCCTTT-3 Burkholderia sp., isolates 37 Hartmann et al., 1995

from Saccharunspp.

ALF1b 16S rRNA
BET42a 23S rRNA
Eub338 16S rRNA

B-CGTTCG(C/T)TCTGAGCCAG-3
5GCCTTCCCACTTCGTTT-3
5GCTGCCTCCCGTAGGAGT-3

a-subgroup ofroteobacteria 50
B-subgroup of Proteobacteria 47
Bacteria 53

Manz et al., 1992
Manz et al., 1992
Amann et al., 1995

Phylogenetic analysis clustering of bacterial strains
with oligonucleotide probes

Fruit crop isolates of BHixing bacteria grown at 30
°C in the modified liquid DYGS medium were harves-

ted at the log phase to extract the bulk nucleic acids.

oculated with root, stem, leaf and fruit tissue samples
from eight banana cultivars and four pineapple variet-
ies. Nitrogen-fixing bacteria were observed in differ-
ent dilutions and media used and varied betweerf 10
and 10°® per gram of fresh material (Table 2). Diazo-
trophic bacteria with similar population size have

The extracting procedure was performed according to heen detected in many gramineous plants using the

Kirchhof et al. (1998). After checking efficiency of
bulk nucleic acids extraction on a 1% agarose gel,
aliquots of 10ul were dried, suspended in the same
volume of a denaturing solution (1Qd MOPS 0.1M
buffer, 500l formamide and 162: formaldehyde
37%), incubated for 10 min at 65C, cooled on
ice and blotted on a positively charged nylon mem-
brane. This membrane was baked at°&) for one

hr to immobilize the bulk nucleic acids. After that,
it was submitted to hybridization experiments with
rRNA directed phylogenetic oligonucleotide probes

same grown conditions above (Baldani et al., 1992;
Barraquio et al., 1997; Kirchhof et al., 1997b).

Root samples collected in Cruz das Almas (Bahia
State) showed the presence of diazotrophic bacteria in
higher numbers, particularly when the semi-solid NFb
medium was used. The malate N-free (NFb) medium
has been frequently used to count and isolate strains
of A. lipoferumand A. brasilensefrom cereals and
forage plants (Ddbereiner et al., 1995). Diazotrophs
related to the genu&zospirilumwere also detected
on roots of various fruit crops when malate N-free me-

(Kirchhof and Hatmann, 1992). The sequences of the gium was used (Subba Rao, 1983; Ghai and Thomas,
oligonucleotides and hybridization temperatures used 1989). In our study, similar numbers of diazotrophic

are listed in Table 1.

Results and discussion

Enumeration of diazotrophic bacteria in plants of
banana and pineapple

Veil-like pellicles characteristic of Nfixing bacteria
could be observed in all semi-solid N-free media in-

bacteria were detected in root or stem samples of ba-
nana and pineapple plants collected in Rio de Janeiro
using either the NFb or INFb medium. According to
Baldani et al. (1992) the latter medium is more specific
to the genuderbaspirillum althoughAzospirillum
can also grow and be isolated using the semi-solid
JNFb medium.

The number of diazotrophic bacteria was lower in
the LGI medium as compared to the NFb medium.
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Table 2. Occurrence of diazotrophic bacteria in banana and pineapple plants collected in different regions of Brazil

Genotype Local Parts of the plants
Diazotrophic bacteria obtained from dilutions

Root Stem Leaf Fruit
NFb mediund
Banana cA 104-1076 10-2-104 10-2-104 1072
Banana I 104-10"6 104-10"6 10-2-104 1072
Banana M 104 1074 10-2-104 1072
Pineapple CA 104-1076 102-104 102-1074 1072
Pineapple M 102-1074 1072 1072 ND¢
LGI medium
Banana CA 102-104 1072 1072 1072
Banana [ 102-104 1072 1072-104 1072
Banana M 102 10-2-10~4 1072 ND
Pineapple CA 104 10-2-10~4 102-104 1072
Pineapple M 102-1074 1072 1072 1072
JNFb medium
Banana I 104-10"6 10-2-10"4 102a104 1072
Banana M 104 1074 102a104 1072
Pineapple M 102-1074 1072 1072 1072
JMV medium
Banana I 102-10°6 10-2-10"4 102a104 1072
Banana M 102 10-2-10"4 1072 ND
Pineapple M 104 102-104 1072 1072

“4Carbon source of NFb and JNFb media are malate; LGI medium is sucrose; and JMV medium is mannitol.
bwashed samples from plants harvested in Cruz das Almas (CA), ltgued Maca (M) regions.
¢Growth not detected (ND) after 5 days of incubation af @0

This suggests a lower populationAf amazonensa isolates were able to keep their ability to form veil-
banana and pineapple plants. The main carbon sourcdike pellicles in the semi-solid media after 10 suc-
for A. amazonensbtlpo-dependent growth is sucrose, cessive transfers to rich liquid medium, indicating
which is a carbon source also present in these fruit that the nitrogen-fixing characteristic is inherited by
crops (data not shown). However, malate can also bethese bacteria and does not represent only a transient
used by this species when the pH of the medium does characteristic of the isolates.
not become alkaline (D6bereiner and Pedrosa 1992).  The ability of the bacterial groups to use different
We also detected diazotrophic bacteria in an acid man- carbon sources was evaluated in semi-solid and also
nitol medium (JMV) (Baldani,1996) from most of the in liqguid medium. Isolates from the group | showed
banana and pineapple plants collected in the Itaguailarge white and flat colonies with elevated margins
and Macaé region. This suggested the presence oftypical of A. amazonens&hen grown on solid potato
diazotrophic bacteria of the genurkholderiain agar medium (Do6bereiner et al., 1995). However,
these fruit crops. they also use D-fructose when evaluated in semi-solid

(Table 4) or liquid (Table 5) medium. This substrate
Physiological characteristics of diazotrophic bacteria is neither used by the type stratn amazonens¥6',

nor by other strains of this species when grown un-
Cultures of diazotrophic bacteria isolated from ba- der N;-dependent conditions (Magalhes et al., 1983).
nana and pineapple samples (Table 3) were purified Nevertheless, auxanographic tests have shown their
and grouped according to their morphological and
physiological characteristics (Tables 4 and 5). All
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Table 3. Grouping of diazotrophic bacteria isolated from banana and pineapple plants based on their morphological and physiological
characteristics

Genotype Sample Medium Dilution Local No. of isolates

Azospirillum amazonenggroup 1)
Banana Root LG 10% to 10~4 1 3
Pineapple Root LGI 10 CA'M 2

Azospirillum brasilenségroup II)
Banana Root NFb 1 CA 3

Azospirillum lipoferum(group IIl)

Banana Root NFb, INFb 16 to 1076 CA, I 3
Leaf NFb 102t0 1074 I 1

Pineapple Root NFb 10t to 1076 CA 2
Leaf NFb 104 CA 1

Herbaspirillumlike bacteria (group 1V)

Banana Root NFb, INFb 18 to 1076 I 2
Stem NFb, INFb 10%t0 1076 CA, I, M 7
Leaf NFb, JNFb 104 CA, | 2
Fruit INFb 102 I 1

Pineapple Stem NFb 1d CA 1
Leaf NFb 106 CA 1

Herbaspirillumlike bacteria (group V)

Banana Root NFb 10*to 1076 CA, I 3
Stem NFb, INFb 10t CA, I 3
Leaf NFb, INFb 102t0 1074 CA, I, M 4
Fruit JNFb 104 I 1

Herbaspirillumlike bacteria (group VI)

Banana Root NFb ko I 1
Stem NFb, JNFb 10t CA, LM 5
Leaf NFb, INFb 102 CA, I 6
Fruit NFb 102 I 1

Burkholderialike bacteria (Group VII)

Banana Root LGI, IMV 10210 1074 CA,M 4
Stem IMV 102 I,M 3
Leaf IMV 1074 I 1
Fruit LGI 1072 CA 1

Pineapple Root LGI, IMV 10t CA, M 5
Stem LGI, IMV 102to0 1074 CA,M 5
Leaf IMV 1074 M 1
Fruit LGI 1072 M 1

@ Samples from plants harvested in Cruz das Almas (CA), lfagiand Maca (M) regions.

ability to catabolise D-fructose (Gillis and Reinhold brasilenseandA. lipoferumwhen cultivated in semi-

Hurek, 1994). solid N-free medium. Isolates from group Il seemed
Isolates from group Il and Il showed morpholo- to be more restricted in their ability to use carbon

gical and physiological characteristics resemblig sources as compared to the spediel§poferumandA.
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Table 4. Carbon sources uses fophependent growth of different isolates obtained from banana and pineapple plants

Carbon Groups and reference stréins
source | Yéd Sp7T Bri7T v ze7T Vv MaT vI vIl  M130°¢
D-Raffinosé  — - - - - - - - - - _ Y 4+
@y ©) 9) (1n (11 a1y (@3
D-Maltose +++ - - - - - - - - - - -
™) ©) 9) ®) ®) ® (©
D-Sucrose +++ +++ - - - - — - — — - +++ ++
@) (©) 9) (16) (12) (14) (18)
D-Glucose +++ - - +++ ++ +++ +++ +++ - +++
©) (©) 9) (11 © 1y @2
D-Fructose +++ - +++  +H++ +++  +H++ + + + + - +++
©) ©) 9) (10 (11 ©® «ay
D-Galactose +++ A +++  +H++ +++ +++ - +++
@) (©) 9) (6) 6 G (10
L-Arabinose 4+ +++ +++ +++  +++ +++ +++ - +++ +++
@) ©) 9) (€] “ @ 13
D-Mannitol - - - - +++ ++ +++ ++ +++ + ++ ++
®) ©) 9) an (12) ® (19
Glycerol - - + + +++ -+t ++ +++ ++ ++ ++ ++ ++
(©) (©) &) ) ®) ® O
D-Sorbitol - - - - +++ 4+ ++ +++ ++ +++ ++ +++  ++
©) ©) (6) (10 (11 ® 13
Meso-ery- - — - - - - - - +++  ++t - \ -
thritol+NHg4 5) 3) (5) a7 (12) (13) (16)
N-acetyl- - - - - +++ +++ - - - +H+
glucosamine 4) 3) 9) a7 (12) (13) (16)
Citrate - - - - +++ 4+ +++ +++ +++ ++ +++ +H++
@) ©) ®) ®) ©) " @
«a-ceto- +++ 4+ ++ +++ ++ +++ +++ ++ + -
glutarate ©) ©) ®) @ (6) " ©
Oxalate - - +++ 4+ + + - - - - - + -
4 ®) 4 ® ® ® (©
Na D- - - + + + + +++ +++ ++ ++ ++
Gluconate 4) 3) (4) (4) 4) (8) (6)
L-Tartrate - - - - - - ++ - == - - - +
4 (©) @) (12) (11 (13) (13)

“Nitrogen free medium, except for meso-erythritol and acetil-glucosamine.
b Allisolates were able to grow in succinate, fumarate and malate.
“Reference straingizospirillum amazoneniE{GT), Azospirillum brasilens(eSp?T), Azospirillum Iipoferun(Br17T), Herbaspir-
illum seropedicadz67"), Herbaspirillum rubrisubalbicangM4T) andBurkholderiasp. (M130).
4Number of isolates (in parenthesis) with good (+++), medium (++), poor (+), no growth (<) after 5 days of incubatiiCat 30
¢Variable (v) growth among isolates.

amazonenseaBacteria from group Il were only detec-

in strains of the genuklerbaspirillum Isolates from
group IV (Table 4 and 5) showed the ability to use
the same carbon sourcesksseropedicaeThe only
exception was their ability to grow with L-tartrate, a
substrate not so far known to be used by Herb-

aspirillum species (Baldani et al., 1996). Kirchhof
ted in banana plants (Table 3). Three bacterial groupset al. (1997a) also observed different physiological
(IV, V and VI) are thin rods similar to those observed

characteristics itlerbaspirillumlike bacteria isolated
from Miscanthuswhen tartrate was evaluated under
N2-dependent condition.
Isolates from group V, detected only in banana
plants, also grew with L-tartrate as carbon source
in semi-solid media (Table 4) as well as liquid
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Table 5. Carbon sources use by the different groups of isolates obtained from banana and pineapple plants and reference strains in liquid
media

Carbon Groups and reference strédins
source ¢ Yel 1 sp7™mT il Briz? IV Z67T Vv MaT VI VIl M130°7
D-Raffinose  — - - - - - - - - - - + UN

6,77 (B,77 (58 (598 (5,8) (5,8) 5,77 (5,6) 56,7 (B8 (5,79 (31
D-Maltose + + - - - - - - - - - - -

38 @7 6G7 67 5,7 (56) (5,6) (5,7 5,7 (,6) G,7 (67 (56)
D-Sucrose + + - - - — — — _ _ _ + +

38 @7 G7 67 56,77 (5,7 5,7 (5,7 56,7 (6 6,7 G0 (B4
D-Glucose + + - - + + + + + + - + +

(36) 36) (7 (49 37 @7 (3.4) (35 35 (B3 G797 (0 (39
D-Fructose + - + + + + + + + + + + +

35 G7 (9 40 (3,8) (3,6) 3,7) (3,6) 37 (38 (38 @40 (321
D-Galactose + + + + + + + + + + - + +

(39 @5 (56 (49 (44 (46 @6 @7 @7 (36 (66 @1 GBI
L-Arabinose + + + + + + + + + + - + +

B9 K1) (G4 (55 (5,1) (56) 5,2) (49 46) (B2 (k6 (2 (31
D-Mannitol - - - - + + + + + + + + +

5,7 G,7 (6,7 (UN) 4,00 (3,8 3,4) (3,5 36) @5 1) @GB1) (30
Glycerol - - - + + + + + + + + + +

(6.2 (5.6 (4 (61 41) G9 @G3 (B4 GBI G2 @G5 @G5 @G
D-Sorbitol - - - - + + + + + + + + +

58 (5,8 (56) (57 42 (4,2 3,8 (37 (38 (35 @46) (0 (32
Meso-ery- - - — - - - - - + + - + -
thritol+NH;  (5,8) (5,9) (5,8) (5,8) (5,8) (5,8) (5,8) (5,8) 34 B,3) (8 (B0 (59
N-acetyl- - - - - + + + + - — — + +
glucosamine  (5,8) (5,70 (5,6) (5,8) 5,77 (55 6,4 (6,1) 6,7 B,79 (B,79 (63 (64
Citrate - - - - + + + + + + + + +

59 (9 (68 (59 7,90 (8,2 (8,8) (8,8) 9,00 (85 (8,7 (82 (UN)
«a-ceto- + + + + + + + + + + + + +
glutarate (UN) (UN) (6,9 (UN) (UN) (UN) (8,6) (8,2 8,2) (8,8 (UN) (8,3) (6,8
Oxalate - - + + + — - — — - — +++ -

6,1 (6,3) (8,0 (831 8,5 (9,1) (5,8) (5,8) 5,9 (6,1) 6,0 (7,5) (6,2)
Na D- - - + + + + + + + + + + +
Gluconate (5,8 (5,8 (6,1) (6,0 6,1) (6,0 71 (7,2 7,2y (6,9 (7,30 (712 (7,3
L-Tartrate - - - - - - + - + — - — +

59 (B9 (58 (59 (5,8) (5,8) 8,1 (6,1) 84 ()9 (6,0 (6,00 (7,1

“|solates from group | (AB44), || (BA5 and BA6), Il (AB3 and BA52), IV (BA10 and BA11), V (BA13 e BA14), VI (BA22 e BA23), and
VIl (AB 31 and AB33).

bReference straindzospirillum amazoneng¥'6 T, Azospirillum brasilenséSp7'), Azospirillum lipoferum(Br17"), Herbaspirillum
seropedicae(ZG?T), Herbaspirillum rubrisubalbican$M4T) andBurkholderiasp. (M130).

¢Absorbance at 600 nm0.05 (+) and<0.05 (=) with the final pH in the medium, and growth undetermined (UN) after 48 h incubation at
30°C.

4 All isolates grow well in substrate with succinate, fumarate and malate and produced alkaline mesli& QpH

(Table 5) medium. On the other hand, bacteria from acetyl-glucosamine, which are carbon sources nor-
group VI, isolated from banana plants, differed in mally used by strains of the gentierbaspirillum
their ability to grow on carbon sources from the They also differed from diazotrophic bacteria from the
already knownHerbaspirillum species. This group  generaPseudomonafNatanabe et al., 1987}ceto-

of bacteria was not able to grow with D-glucose, bacter(Gillis et al., 1989) AzoarcugReynold Hurek
D-galactose, L-arabinose, meso-erythritol+/N# N- et al., 1993),Burkholderia(Gillis et al., 1995) and
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SphingomonagKkampfer et al., 1997) in relation to  Germany (Kirchhof et al., 1997a). Species-specific
their carbon source utilization pattern. oligonucleotide probes, available in our laboratory
Isolates from group VIl showed cell shape sim- and designed for identification of known diazotrophic
ilar to bacteria within the genuBurkholderiaand a bacteria, showed no signal when hybridized against
high diversity in their ability to use the carbon sub- the bulk nucleic acids of all other isolates from the
strates (Tables 4 and 5). However, only few isolates Herbaspirillumlike bacterial groups (group IV to VI).
revealed the ability to use D-raffinose and meso- The oligonucleotide probe technique confirmed at mo-
erythritol+NH; as sole carbon source. According to lecular level the association ¢1. seropedicaewith
Gillis et al. (1995) B. cepacia, B. caryophilli, B. glu-  banana plants.
maeand B. vietnamiensigan use D-raffinose as the In contrast, extracts of bulk nucleic acids from
sole carbon source. The specksviethnamiensisis group VIl isolates reacted with the probe directed
a nitrogen-fixing bacterium isolated from rhizosphere to 16S rRNA ofB. cepaciaand the probe designed
soil of rice plants grown in Vietham (Gillis et al., specifically for the beta-subclass &foteobacteria
1995). Another diazotrophic bacteria representative of (Table 6). However, five isolates from the same group
the genusBurkholderiahave recently been isolated were related to the cluster of strain M130, a represent-
from rice plants and sugar cane plants and provisorily ative of B. brasilensigBaldani, 1996; Baldani et al.,
namedBurkholderia brasilensisThis new proposed  1997). Three other isolates from the same physiolo-
specie is able to use mannitol and D-raffinose but gical group were related to the cluster of strain Ppe8, a
could not growth with meso-erythritol+NHand is strain isolated from sugar cane plants and also belong-
able to grow at pH values in the range of 4.0 to 6.4 ing to the genuBurkholderiaand which may con-
(Oliveira, 1992; Baldani, 1996; Baldani et al., 1997).  stitute another new species (Hartmann et al., 1995).
These results suggest that isolates from physiological

Genotyping diazotrophic bacteria strains with bacterial group VII, are relatetb B. cepaciabut it

oligonucleotide probes may also represents more than one species of diazo-
trophs and additional polyphasic studies are needed to

The occurrence of three Species of mmspm”um identify their correct pOSitiOﬂ within the beta-subclass

genus in association with banana and pineapple plantsof Proteobacteria

was demonstrated by the hybridization experiments ~ Although these bacteria were isolated from non-
of genera and species-specific oligonucleotide probessterilized tissues of both plants, they were frequently
against the bulk nucleic acid extracted from the isol- detected at innermost tissues harvested from the pine-
ates. (Table 6). These results are in agreement with apple fruit and banana stems. Many of the diazotrophs
the physiological characteristics observed before in identified here are naturally found associated with
groups | to Ill (Tables 4 and 5). Bulk nucleic acid ex- gramineous plants. Because of their ability to colon-
tracts from these three groups of diazotrophs showed ize the interior of the plant tissues and to show lower
positive signals against probes directed to 23S rRNA survival in soil some of them have been included in
of the Azospirillumgenus and 16S rRNA of the alpha-  the group of endophytic bacteria (D6bereiner, 1992).
subclass. According to Manz et al. (1992) and Amann The possibility that many of these isolates obtained
et al. (1995), this confirms the affiliation of these bac- from banana and pineapple plants belong to the group
terial groups within the genuszospirilumand the of diazotrophic endophytes should not be discarded

alpha-subclass d¥roteobacteria since preliminary microscope studies have shown the
Isolates from groups IV to VI Herbaspirillum tissue interior colonization of micropropagated plants

like bacteria) could be included in the beta-subclass inoculated by these strains (Weber, in preparation).

of Proteobacteria(Table 6). A positive signal was These results constitute the first report of the oc-

observed with the probe directed to the 23S rRNA currence of diazotrophic bacteria on the surface and
designed for identification of this subclass. How- In roots, stem, leaves and fruits of banana and pine-
ever, only two strains isolated from banana plants apple plants and show a large diversity of nitrogen
were identified a$l. seropedicaeOn the other hand,  fixing bacteria colonizing these fruit crops. How-
one isolate recovered from banana plants (group IV) €ver, further studies need to be carried out to confirm
was affiliated to the beta-20 bacterial group. This their phylogenies and their biological nitrogen fixation
Herbaspirillumlike bacterium was originally isolated ~ contribution to the plants.

from a Miscanthus plant, an energy crop grown in
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